species. In the present case, histopathology and immunohistochemistry were able to identify a yeast in tissues from the infected cockatiel to the genus level but not to the species level. On the other hand, molecular identification of Candida species has been well developed in medical mycology 6 but not in the field of avian diseases. The results presented here suggest that the molecular techniques utilized in this study can rapidly identify Candida species, including C. parapsilosis, in paraffin-embedded tissues of birds. Therefore, molecular techniques are appropriate to speciate yeasts in tissues when fresh material is not available for mycological culture.
PCR detection of the Cryptococcus neoformans CAP59 gene from a biopsy specimen from a case of feline cryptococcosis
Rui Kano, Yasuhito Fujino, Nobuko Takamoto, Hajime Tsujimoto, Atsuhiko Hasegawa Abstract. A polymerase chain reaction assay was developed to detect Cryptococcus neoformans in biopsy samples. The assay detects the CAP59 gene of Cryptococcus neoformans and was used to substantiate cutaneous cryptococcosis in a 5-year-old cat submitted to the Veterinary Medicine Center at the University of Tokyo.
Cryptococcosis is the most common systemic fungal infection of cats and should be considered in a differential diagnosis of cats with respiratory tract disease, subcutaneous nodules, lymphadenopathy, intraocular inflammation, fever, or central nervous system (CNS) diseases. 3, 6 Preexisting immunosuppressive conditions are documented in approximately 50% of people with cryptococcosis and have been documented in some infected cats. 6 In a previous case report, cryptococcosis was described in a cat concurrently receiving steroid treatment. 3 Definitive diagnosis of cryptococcosis is based on cytologic, histopathologic, or culture demonstration of the organism. 3, 6 However, direct microscopic examination is a rapid but quite insensitive test and strongly depends on the operator's skills. The latex agglutination test is a more sensitive method but may still yield false-positive and falsenegative results. 2 In recent years, molecular techniques have greatly improved diagnosis of human cryptococcal infections 8, 9 ; however, the detection of the specific fungal DNA by polymerase chain reaction (PCR) directly in clinical samples has not been well described for animal cryptococcosis. In a previous study, 5 the CAP59 genes from 5 serotypes of Cryptococcus neoformans were sequenced and analyzed in order to understand their phylogenetic relationships. The present report demonstrates the detection of the CAP59 gene of C. neoformans directly in clinical samples from cryptococcal lesions of a cat by PCR analysis.
A 5-year-old male American Shorthair cat weighing 4.1 kg was referred to the Veterinary Medical Center at the University of Tokyo with a chief complaint of subcutaneous nodules on the head and dorsum of the right foreleg. The cat had a history of acute myelomonocytic leukemia and had been treated with cytosine arabinoside and prednisone for 4 months. On physical examination, 20-25 subcutaneous nodules were found on the head, the dorsum of the body, and the right foreleg. The nodules were round, elastic, freely moveable, and 1-3 cm in size. Choriotetinitis with signs of blindness were observed in this cat. The cat was positive for plasma p27 antigen of feline leukemia virus (FeLV) and negative for the antibody against feline imunodeficiency virus (FIV). Plasma cryptococcal antigen titer measured by the latex agglutination test a was positive.
Microscopic examination of a biopsy specimen from the nodule on the right foreleg showed granulomatous inflammation with many encapsulated yeast cells ( Fig. 1) . Thus, the case was diagnosed to be cryptococcosis.
The cat was treated with itoraconazole (ITZ) at 10 mg/kg given orally once a day with food. After 3 weeks of treatment, the masses on the body and foreleg were reduced in size; however, blindness remained. No side effects of ITZ were detected in this case by physical and laboratory examination.
The colony isolated from the specimen from the nodule on the right foreleg was morphologically examined after culturing on sunflower seed agar 7 at 27 C for 1 week. Modified Christensen urea agar 1 was used to examine urease activity. The colony from the clinical isolate was dark brown, smooth, and mucoid after a 1-week incubation on sunflower seed agar. Microscopic examination of the clinical isolate revealed budding of globose, ovoidal, or apiculate yeast cells. The isolated yeast cells were encapsulated, and their phenol oxidase activity and urease reaction were positive. The isolate was serologically shown to be serotype A. b From these results, the isolate was identified to be C. neoformans var. neoformans, serotype A.
DNA from the biopsy sample was prepared by the method previously reported. 2 Briefly, the biopsy sample was lysed with 1 mg zymolyase-100T c /ml in a lysis buffer containing 0.1 mM EDTA, 1% sodium dodecyl sulfate (SDS), 10 mM Tris hydrochloride (pH 8.0), and 0.3% 2-mercaptoethanol at 37 C for 3 hours. High molecular weight DNAs were obtained from these samples by phenol and chloroform extraction and then precipitation with ethanol.
The genomic DNA (200 ng) samples were amplified by PCR in a reaction mixture (30 l) containing 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl 2 , 0.001% gelatin, 200 mM each deoxynucleoside triphosphate, 1.0 unit of Taq polymerase, d and 0.5 g of a pair of primers. The sequences of the primers for the CAP59 gene were based on the sequences reported 5 : primer S-2, 5Ј-GAG TGT CTC CGC AAC CCG CA-3Ј; primer S-2, 5Ј-CCT ACT CTG CCA AAT CAA CTC-3Ј. With these primers, a 600-bp fragment containing the coding sequence of the CAP59 gene was expected to be amplified. The PCR amplification was carried out for 35 cycles consisting of template denaturation (1 minute at 94 C), primer annealing (2 minutes at 60 C), and polymerization (3 minutes at 72 C). The PCR products were electrophoresed through 2% agarose gel and then stained with ethidium bromide. The PCR products from the clinical isolate were sequenced by the dideoxy chain termination method using a sequencing analyzer. e Amplification of the sample DNA with CAP59 primers yielded fragments of about 600 bp, consistent with the sizes of CAP59 gene sequences from fungal species previously reported. 5 To examine homology relationships among the CAP59 genes of reference strains of C. neoformans as well as the samples, Clustal W multiple sequence alignment programs were used. 10 The CAP59 nucleotide sequences of the sample and a reference strain of C. neoformans var. neoformans, serotype A (C. neoformans var. neoformans, serotype A CAP59 gene accession no. AB003564) showed more than 99% similarity. Therefore, the CAP59 gene fragment from sample indicated that this feline case could be caused by C. neoformans var. neoformans, serotype A. To examine the sensitivity of this system, the DNA sample from the clinical isolate was tested to see whether the two primer pairs amplified the CAP59 gene fragments.; 1 pg, 10 pg, 100 pg, and 1 ng of template DNAs were used per reactions. The PCR amplification with the CAP59 primers were able to detect 10 pg of C. neoformans genomic DNA with ethidium bromide staining (Fig. 2) .
In humans, steroid treatment, chemotherapy, and immunosupressive diseases, including acquired immunodeficiency syndrome, facilitate subsequent infection with C. neoformans. In this case, the patient cat was also treated with chemotherapy for acute leukemia, which might predispose to cryptococcosis. Therefore, veterinarians should consider that immunosupressive conditions might be underlying in the animal cases with cryptococcosis, as in humans.
The molecular analysis presented in this study could be helpful for the rapid diagnosis of cryptococcosis. Conventional mycologic methods required about 1 week for the identification of C. neoformans from biopsy specimens. However, this molecular system required less than 2 days to confirm this species and serotype. Identification of serotype and species is useful because it can be helpful for determining the prognosis of cryptococcosis since serotypes A, D, and AD correspond to C. neoformans var. neoformans and serotypes B and C correspond to C. neoformans var. gattii. Cryptococcus neoformans var. neoformans has been shown to be more virulent than that of C. neoformans var. gattii. 4 To examine the sensitivity of this system, the DNA sample from C. neoformans var. neoformans, serotype A, was tested. The PCR amplification with the CAP59 primers were able to detect 10 pg of C. neoformans genomic DNA with ethidium bromide staining. The sensitivity of this PCR system is estimated to be equivalent to the detection of about 10 yeast cells and had the same sensitivity as other molecular techniques. 8, 9 These results demonstrated that the PCR de-tection system could be helpful for the rapid diagnosis of cryptococcosis and provide useful information for the prognosis of this infection. Abstract. Three soft tissue tumors from 2 female hedgehogs were examined microscopically and immunohistochemically. Two tumors involved haired skin and the third one was vaginal. Microscopically, the cutaneous tumors had features of malignant peripheral nerve sheath tumor (MPNST), whereas the vaginal tumor was classified only as a spindle cell sarcoma. Immunohistochemically, all 3 tumors were strongly positive for vimentin and strongly to moderately positive for CD10 and neuron-specific enolase but did not stain with antibody to S100 protein, an antigen typically present in human MPNST. The cutaneous tumor from hedgehog no. 1 was examined ultrastructurally and the neoplastic cells resembled fibroblasts. Hedgehog no. 1 was euthanized at the time of the biopsy. The outcome of the other hedgehog was unknown.
Sources and manufactures
African hedgehogs (Atelerix albiventris) are popular exotic pets. Consequently, there is demand for information regarding their husbandry and diseases. 22 Neoplastic diseases constitute approximately 30% of the histopathologic diagnoses made in hedgehogs. 22 A search of the Veterinary Medical Diagnostic Laboratory (VMDL), Columbia, MO, database (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) found 40 accessions of hedgehogs with histopathologic exam. Sixty-three percent of the cases were nonneoplastic, 37% were neoplastic. This report describes the morphologic and immunohistochemical features of 3 spindle cell sarcomas in 2 African hedgehogs. Case no. 1 was a 4.5-month-old female African hedgehog, which developed a mass on the medial aspect of the right foreleg. The hedgehog was euthanized at the owner's request. The 3-cm-diameter mass and multiple organs were collected by the referring veterinarian for histopathologic examination at the VMDL. Case no. 2 was a 3-year-old female African hedgehog with a mass in the right lumbar skin and another mass in the vagina, which were excised and sent to the VMDL for histopathologic examination.
Tissues were fixed for an undetermined period in 10% buffered formalin and embedded in paraffin. Five-micrometer sections were stained with HE and Masson trichrome. For immunohistochemistry, paraffin sections were placed on positively charged slides and stained with antibodies to vimentin, a smooth muscle-specific actin, a muscle-specific actin, a desmin, a CD10, b S100 protein, a neuron-specific enolase, a chromogranin A, a synaptophysin, a glial fibrillary acidic protein, a and factor VIII-related antigen a following described methods. 18 an automatic stainer a using a labeled streptavidin-biotin method a and diaminobenzidine as the chromogen. In negative controls, the primary antibody was replaced with nonimmune serum. Positive and negative tissue controls included canine or hedgehog tissue. Normal hedgehog tissue positive for S100 protein was not available. Electron microscopic studies were only attempted on the mass of case no. 1. Formalin-fixed tissue was diced into 1-mm cubes, postfixed in 1% osmium, embedded in Epon-Araldite, c sectioned, and stained with uranyl acetate and lead citrate. Ultrathin sections were examined with a transmission electron microscope at 60 KV. d Histologically, the cutaneous mass from case no. 1 was infiltrative in the dermis and subcutis and was comprised of short, intersecting fascicles of spindle cells with abundant stroma. The cells had indistinct cell boundaries, eosinophilic cytoplasm, and oval nuclei with reticulated chromatin and small or inapparent nucleoli (Fig. 1) . Fingerprint patterns were occasionally seen. Multifocally, neoplastic cells formed whorls around vessels or sclerotic centers (Fig. 2) . Approximately 30% of the tumor was necrotic. There were 11 mitoses/10 400ϫ fields. The cutaneous mass in case no. 2 was a partially encapsulated and focally infiltrative dermal and subcutaneous proliferation of short intersecting bundles and whorls of spindle cells with moderately distinct cell limits, eosinophilic cytoplasm, oval nuclei with reticulated chromatin, and small or inapparent nucleoli. Rare multinucleated cells were also present. The stroma was scant. Less than 15% of the mass was necrotic. Mitotic activity was also low (5 mitosis/10 400ϫ fields). The vaginal mass from case no. 2 was characterized as an infiltrative neoplastic proliferation involving the submucosa and deeper tissues. Neoplastic cells were arranged in loose bundles of spindle cells with fairly distinct cell limits, amphophilic to basophilic finely vacuo-
